Abstract
this knowledge gap, and this paper shows our study of the xanthate decomposition in aqueous 11 solutions in the absence of minerals. This condition has not been appropriately examined by past 12 researchers, while decomposition under this condition is used as control to other complicated 13 ones (e.g., in flotation pulps). A GC-MS based method was developed to directly measure the 14 decomposition products in the gas phase. Decomposition kinetics was then established based on 15 the generation of CS 2 . Decomposition followed the first order kinetics, and the rate constant for
16
Sodium iso-Butyl Xanthate (SIBX) at neutral pH level was determined to be 9.3x10 (Spottiswod and Kelly, 1982; Wills, 2006) . It is also known to 50 hydrolyze in aqueous solutions and flotation pulps to continually generate toxic species such as 51 carbon disulfide (CS 2 ), which can accumulate in the flotation plants and thus present a 52 significant hazard on the safety, health and environment (SHE) . In recognition of the potential 53 health impacts from the hazardous gases accumulating in the enclosed infrastructures and the 54 chronic exposure to the decomposition products, regulatory bodies are limiting the permissible 55 level of CS 2 in the ambient atmosphere. The permissible limit for CS 2 release has decreased from 56 10ppm to 1ppm in the US and Canada (OSHA). Measures need to be taken to apply xanthate in a 57 benign and sustainable manner in the flotation operations, reducing the negative SHE impacts.
58
This requires a detailed understanding of the decomposition behavior of xanthate. While 59 extensive studies have been conducted in the past eight decades to understand the interactions 60 between xanthate and sulfide minerals as well as precious metals (Healy, 1984; Poling, 1976; 61 Salamy and Nixon, 1953; Woods, 1976 Woods, , 1984 Woods, , 1996 , the decomposition behavior remains 62 poorly understood. To develop a more complete understanding of xanthate decomposition, we 63 have taken steady investigations towards examining the decomposition behavior of xanthates 64 under various conditions (e.g., in aqueous solutions in the absence of minerals and in ore pulps conditions than under alkaline conditions. However, in alkaline solutions, multiple reactions 92 were associated with the xanthate decomposition process, in contrast to the dominance of a 93 single step reaction in acidic solutions. For example, under acidic conditions, xanthate 94 decomposes to CS 2 , whereas under alkaline conditions it also forms dixanthogen (Pomianowski
95
and Leja, 1963) , perxanthate (Pomianowski and Leja, 1963; Sun and Forsling, 1997), monothio-96 and dithio-carbonates (Philip and Fichte, 1960) , and trithiocarbonate (Report, 2000) . With 97 respect to kinetics, xanthate decomposition was reported to follow a first order law regardless of 98 pH (Ballard et al., 1954; Finkelstein, 1967 Finkelstein, , 1977 Iwasaki and Cooke, 1958 , 1959 , 1964 Klein et 99 al., 1960; Majima, 1961) . Multiple reactions in parallel or in sequence sequentially (Report, 2000) 100 accompanied the decomposition reaction, but the CS 2 generation was still found to obey the first 101 order kinetics (Finkelstein, 1967 (Finkelstein, , 1977 . Nevertheless, it is unclear as to whether the 102 decomposition reaction should be unimolecular (Ballard et al., 1954; Iwasaki and Cooke, 1958 , 103 1959 , 1964 Klein et al., 1960) or bimolecular (Majima, 1961) . It remains uncertain as to whether 104 there existed exists a maximum decomposition extent as a function of pH. Ballard et al. (Ballard 105 et al., 1954) , Klein et al. (Klein et al., 1960) and Iwasaki et al. (Iwasaki and Cooke, 1964) 
106
proposed such a maximum when pH reached a certain low level while others did not (Iwasaki 107 and Cooke, 1958, 1959) . Under alkaline conditions, Tipman et al. (Tipman and Leja, 1975) 108 found that decomposition remained almost unchanged with pH, while Finkelstein (Finkelstein, 109 1967 (Finkelstein, 109 , 1977 therefore there is no reason why it should decompose spontaneously in water (Report, 2000) .
214
The rate of generation of CS 2 can be expressed as: As duration for the decomposition was short, the amount of CS 2 generated was very low 220 (seen from Figure 4 ) and a much smaller amount relative to that of SIBX. Therefore, the reverse 221 reaction can be neglected. The final rate equation for the generation of CS 2 can be written as:
The generation of CS 2 was measured at various SIBX concentrations to confirm that 224 decomposition followed the first order rate law as implied by Eq. 3. ---------- 
Assessment of Decomposition at Different pH Levels

281
Prior studies discuss the impact of pH relatively more frequently than any other factor.
282
Although pH has been acknowledged to affect decomposition significantly, its impact is still not 283 understood adequately. Our study was aimed to examine the impact of pH over a wider range 1. At neutral pH (Region III) the decomposition followed:
(CH ) CHCH OCS Na + H O ⟺ CS + (CH ) CHCH OH + NaOH
----------Eq. 1 310 2. When pH decreased, the decomposition of SIBX can be rewritten as:
(CH )CHCH OCS Na + H → (CH )CHCH OH + CS ↑ +Na
This explains why decomposition increased when pH decreased (Region II).
313
However, when pH further decreased to ca. 2.2, an additional reaction was assumed to 314 occur: 
6(CH )CHCH OCS Na + 3H O → 6Na + 6(CH )CHCH OH + CO + 3CS + 2CS
328 ----------Eq. 9
329
This leads to less CS 2 generated compared to that under neutral or acid conditions. Eq. 9 and 11 explain Region IV. Under strong alkaline conditions, CS 2 will no longer be 336 generated when Eq. 10 dominates.
337
The above multiple reactions occurring in parallel and sequentially provide a rationale for 338 the decomposition behavior under different pH conditions. They clarify the discrepancies in 
